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(57) A process is provided for manufacturing a polypropylene monofilament suture exhibiting reduced 
strain energy, increased knot security and greater resistance to acquiring an in-storage set. 
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BACKGROUND OF THE INVENTION 

This invention relates to a polypropylene monofilament suture exhibiting improved properties, e.g., reduced 
strain energy and improved knot security, and to a process for its manufacture. 

Sutures fabricated from polypropylene homopolymers and copolymers and from polymer blends containing 
polypropylene are disclosed in, among others, U.S. Patent Nos. 3,359,983, 3,630,205, 4,520,822, 4,557,264, 
4,620,542, 4,621,638 and 4,911,165 and in U.K. Patent Specification No. 1,588,031 and European Patent Ap- 
plication No. 415,783. 

Thus, e.g., in accordance with U.S. Patent No. 3,630,205, following extrusion an isotactic polypropylene 
monofilament is quenched to effect its solidification and drawn, or stretched, from six to seven times its original 
length at elevated temperature resulting in its orientation and an increase in its tensile strength. The stretched 
monofilament is then collected on a spool for subsequent processing, specifically, an annealing operation which 
results in the skrinkage of the suture. The various conditions of the extrusion, stretching and annealing steps 
are indicated to be important for obtaining the desired polypropylene monofilament suture, one which is char- 
acterized by an ultimate elongation of from 35 to 63 percent. 

The polypropylene monofilament suture manufacturing process of U.S. Patent No. 4,911 ,165 is said to pro- 
vide a suture exhibiting improved compliance while retaining the excellent properties of prior polypropylene 
monofilament sutures. An increase in the draw ratio during orientation and the allowed shrinkage during an- 
nealing is credited with resulting in a monofilament suture of lower modulus at a given level of tensile strength. 

SUMMARY OF THE INVENTION 

It has been discovered that if in the polypropylene monofilament suture manufacturing process described 
in U.S. Patent No. 3,630,205 the stretched monofilament is permitted to equilibrate, or "rest", prior to under- 
going the annealing operation, the resulting suture will exhibit significantly improved properties such as reduced 
strain energy, increased knot security and reduced out-of-package set even after relatively lengthy periods of 
shelft storage. 

In accordance with this invention, in a polypropylene monofilament suture manufacturing process in which 
an isotactic polypropylene is melt extruded to provide a monofilament and the solidified monofilament is sub- 
jected to stretching and annealing to provide the suture, an improvement is provided which comprises equili- 
brating the stretched monofilament prior to annealing and thereafter annealing the stretched, equilibrated 
monofilament. 

The step of "equilibrating" or "equilibration" in this invention contemplates achieving a stable condition of 
the polypropylene monofilament such that certain physical properties of the monofilament, e.g., its 0-5% and 
0-10% strain energies, as measured upon the annealed suture tend to resist significant change even after ex- 
tended periods of shelf storage. 

While it is disclosed in U.S. Patent No. 3,630,205 supra , that the stretched polypropylene monofilament 
after being taken up on a spool can be stored for further processing, nothing is said of the duration of storage. 
Moreover, there is no recognition or appreciation that a period of storage sufficient to result in equilibration of 
the monofilament will provide the improved properties observed for the suture of this invention, i.e., reduced 
energy, increased knot security and the other desirable properties previously mentioned. 

As used herein, the expression "strain energy" is the integration of the measured stress-strain curve for a 
polypropylene monofilament measured in kilograms-mm and is equivalent to the work expended in elongating 
the monofilament by a specified percentage of its original length. The strain energy of a polypropylene mono- 
filament suture is related to the amount of effort required to straighten the suture upon removal of the suture 
from its package such that the lower the strain energy, the lesser the effort required to straighten the suture 
prior to use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of apparatus which is suitable for carrying out the extruding and stretching 
steps of the polypropylene monofilament suture manufacturing process of this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In general, the conditions of the individual steps of extruding, stretching (orienting) and annealing in the 
polypropylene monofilament suture manufacturing process of this invention can be substantially the same as 
those disclosed in U.S. Patent No. 3,630,205, the contents of which are hereby incorporated by reference here- 
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in. Similarly, the process herein can employ much the same type apparatus as that described in U S Patent 
No. 3,630,205. 

Fig. 1 schematically illustrates the extrusion and stretching operations of the polypropylene monofilament 
manufacturing operation herein. Extruder unit 10 is of a known or conventional type and is equipped with con- 
trols for regulating the temperature of barrel 1 1 1n various zones thereof, e.g., progressively higher temperatures 
in three consecutive zones A, B and C along the length of the barrel. Pellets or powder of polypropylene resin 
are introduced to the extruder through drier-hopper 1 2. Useful isotactic polypropylene resins include those de- 
scribed in U.S. Patent No. 3,630,205, i.e., those possessing a weight average molecular weight (Mw) of from 
about 294,000 to about 31 6,000, a number average molecular weight (Mn) of from about 78,400 to about 82,100 
and a calculated dispersity (Mn/Mw) of from about 3.58 to about 4.0. Useful polypropylene resins will advan- 
tageously possess a melt flow index in g/10 min of from about 2 to about 6 and preferably from about 3.5 to 
about 4.5. Isotactic polypropylene resins which can be used herein with generally good results include Resin 
F040A Blue of Aristech Chemical Corporation (Pittsburgh, PA) and Profax 6523 of Himont Incorporated (Wil- 
mington, Df). These resins possess the following characteristics 



Weight Average Molecular Weight 
Number Average Molecular Weight 
Melt Flow Index, g/10 min 
isotactic Index 



Aristech 

fOAOA 
283,00c) 1 
61,000 1 

96 



Profax 

305, 000 2 
80,000 2 
3-5 
94 or above 



30 



^Measured upon the dyed resin, as reported by the supplier. 
Z tn deealin, ad reported In the literature. 



Motor-driven metering pump 13 delivers extruded resin at a constant rate to spin pack 14 and thereafter 
through spinneret 15 possessing one or more orifices of desired diameter to provide a molten monofilament 

35 16 which then enters quench bath 1 7, e.g., containing water, where the monofilament solidifies. The distance 
monofilament 16 travels after emerging from spinneret 15 to the point where it enters quench bath 17, i.e., the 
air gap, can vary and can advantageously be from about 0.5 to about 100 cm and preferably from about 1 to 
about 20 cm. If desired, a chimney (not shown), or shield, can be provided to isolate monofilament 16 from 
contact by air currents which might otherwise affect the cooling of the monofilament in some unpredictable 

40 manner. In general, barrel zone A of the extruder can be maintained at a temperature of from about 190 to 
230°C, zone B at from about 200 to 230°C and zone C at from about 21 0 to about 230°C. Additional temperature 
parameters include: metering pump block 13 at from about 205 to about 230°C, spin pack 14 at from about 
205 to about 230°C, spinneret 15 at from about 190 to about 230°C and quench bath 17 at from about 30 to 
about 80°C. 

45 Entering quench bath 17, monofilament 16 is passed by driven roller 18 over idler rollers 19 and 20 and 

thereafter is wrapped around a first godet 21 provided with nip roll 22 to prevent slippage which might otherwise 
result from the subsequent stretching operation. Monofilament 1 6 passing from godet 21 is stretched in order 
to effect its orientation and thereby increase its tensile strength. Thus, in one type of stretching operation, gen- 
erally suitable for smaller sutures, e.g., sizes 4/0 to 8/0, monofilament 1 6 is drawn through heating unit 23, which 

50 can be an oven chamber or a hot water trough, by means of second godet 24 which rotates at a higher speed 
than first godet 21 thereby stretching the monofilament from six to seven times it original length. Where heating 
unit 23 is an oven chamber, its temperature is advantageously maintained at from about 90 to about 180°C 
and preferably from about 110 to about 150°C. In the case or larger sutures, e.g., sizes 2 to 3/0, it is preferred 
that heating unit 23 be a hot water trough or bath which is maintained at a temperature of from about 80 to 

55 about 98°C and preferably from about 86 to about 98°C. 

For smaller suture sizes, e.g., sizes 6/0 to 8/0, it is preferred to pass the monofilament through a second 
heating unit, e.g., maintained at a temperature of from about 80 to about 130°C and preferably from about 90 
to about 1 1 0°C, by means of a third godet to heat-treat the monofilament prior to the equflibration and annealing 

3 
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operations. This second heat treatment results in on-line relaxation, or shrinkage, of the monofilament, e.g., 
for a recovery of from about 97 to about 93 percent, and preferably from about 96 to about 94 percent, of the 
stretched length of the monofilament. In order to accommodate this on-line shrinkage in the monofilament, the 
third godet is driven at a speed which is somewhat less than that of the second godet. 

5 Following stretching and orientation (and, optionally, the aforedescribed second heat treating step for small- 

er suture sizes), polypropylene monofilament 1 6 from godet 24 is taken up on a spool which is then set aside 
for a period of time sufficient to permit the monofilament to achieve a condition of equilibration as previously 
defined. While the period of equilibration may vary depending on the particular polypropylene resin selected 
and/or the conditions under which the resin is extruded, cooled and oriented, in most cases storage of the mono- 

w filament following its orientation for at least about 2 days, preferably at least about 3 days and more preferably 
at least about 4 days. It is generally preferred that the spooled monofilament be stored at ambient temperature, 
e.g., 20-23°C, and a relative humidity of about 50%. 

In the larger suture sizes, e.g., sizes 5/0 and larger, annealing is accompanied by shrinkage of the suture, 
e.g., for a recovery of from about 95 to about 75 percent, and preferably from about 90 to about 85 percent, of 

15 its stretched length. 

In carrying out the annealing operation, the desired length of equilibrated suture may be wound around a 
creel and the creel placed in a heating cabinet maintained of the desired temperature, e.g., 1 50°C, as described 
in U.S. Patent No. 3,630,205. After a suitable period of residency in the heating cabinet, e.g., about 1 0 minutes 
or so, the suture will have undergone shrinkage, e.g., to about 85% of the stretched length for sutures of sizes 

20 2 to 3/0, to about 90% of the stretched length for sutures of sizes 4/0 and 5/0 and essentially no shrinkage in 
the case of sutures of sizes 6/0 to 8/0. As shown in U.S. Patent No. 3,630,205, the creel may be rotated within 
the heating cabinet in order to insure uniform heating of the monofilament or the cabinet may be of the circu- 
lating hot air type in which case uniform heating of the monofilament will be achieved without the need to rotate 
the creel. Thereafter, the creel with its annealed suture is removed from the heating cabinet and when returned 

25 to room temperature, the suture is removed from the creel, conveniently by cutting the wound monofilament 
at opposite ends of the creel. The annealed sutures, optionally attached to surgical needles, are then ready to 
be packaged and sterilized. 

The sutures of this invention exhibit maximum 0-5% and 0-10% energies which are substantially less that 
those of other, commercially available sutures. In general, the sutures of this invention will exhibit average max- 

30 imum energies which are at least about 20%, preferably at least about 30% and more preferably at least about 
50% less than the following average 0-5% and 0-1 0% energies which are characteristic of suture products cur- 
rently being marketed ("standard polypropylene monofilament sutures"): 





Suture Size 


Average 0-5% Strain Energy Kg-mm 


Average 0-10% Strain Energy Kg-mm 


35 


2 


12.0 


50 




1 


10.5 


42 




0 


7.5 


30 


40 


2/0 


6.0 


23 




3/0 


3.5 


13 




4/0 


2.5 


11 


45 


5/0 


1.5 


5.5 



The following examples are illustrative of the polypropylene monofilament suture of this invention and the 
process for its manufacture. 



50 EXAMPLES 1-10 

Table I below sets forth typical conditions for extruding, stretching, optionally heat treating (in the case of 
suture sizes 6/0 to 8/0), equilibrating and annealing various sizes of polypropylene monofilament suture in ac- 
cordance with this invention. In descending order, the size of the sutures ranged from 2 to 8/0. All of the sutures 
55 were fabricated from Aristech's polypropylene resin F040A Blue whose physical properties are given above. 



4 
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TABLE 1: CONDITIONS Of HAMUPACTURIM6 VARIOUS SIZES OF POLYJttOPYLEME HQHOF I_LAHEMT SUTURE 



Example 


1 


-2- 




4_ 




-6_ 






-2. 




Suture 5i2e 


2 


1 


0 


2/0 


3/0 


4/0 


5/0 


6/0 


7/0 


8/0 


Process Conditions 








Extrusion Operation 








extruder screw, rpra 


17.4 


12.9 


31.0 


23.0 


15.9 


13.5 


9.2 


10.4 


9.8 


1.8 


barret ttop. , # C, zone A 


210 


200 


20S 


205 


200 


210 


205 


215 


215 


215 


barrel t«rp., *C, lone B 


220 


200 


215 


215 


210 


230 


225 


230 


230 


230 


barrel ttep., *C. zone C 


220 


220 


215 


215 


210 


230 


225 


230 


230 


230 


barrel pressure, psf 


2290 


2150 


2430 


2180 


2300 


2025 


2100 


2500 


2850 


2800 


barrel melt temp., *C 


229 


229 


222 


220 


216 


236 


230 


238 


239 


235 


punp *i*e, cc per revolution 


1.17 


.584 


1.17 


1.17 


1.17 


.297 


.297 


.297 


.297 


.16 


pump rpRi 


7.9 


11.4 


16.2 


11.8 


7,35 


18.1 


15.6 


6.1 


4.68 


3.7 


pump temp., »C 


205 


210 


205 


205 


205 


205 


205 


220 


220 


220 


punp pressure, psf 


1935 


2210 


2300 


1800 


1900 


1950 


2000 


2700 


3015 


2600 


pump Belt temp., *C 


215 


217 


212 


211 


210 


216 


213 


227 


228 


225 


block temp., *C 


210 


210 


205 


205 


205 


210 


210 


220 


220 


220 


clamp temp., *C 


215 


210 


210 


205 


203 


215 


210 


230 


230 


230 


adapter tc*p. , 'C 


215 


210 


210 


205 


205 


215 


210 


230 


230 


230 


fitter type 


f let 


flat 


fist 


flat 


flat 


flat 


flat 


COL 


CDL 


CDL 


filter screen, microns 


20 


20 


20 


20 


10 


5 


5 


5 


5 


1 


diameter of spinneret orifices 


2.3 


2.3 


1.25 


1.25 


• 75 


.75 


.75 


.50 


.304 


.304 


no. of spinneret orifices 


1 


1 


4 


4 


4 


4 


4 


4 


4 


4 


spinneret temp, "C 


200 


200 


195 


195 


205 


205 


200 


220 


220 


220 


spfrmeret pressure, psf 


884 


740 


1038 


940 


1250 


800 


1100 


880 


1175 


1375 


Spinneret melt temp., *C 


207 


203 


196 


198 


198 


209 


195 


211 


210 


210 


Ib/hr output, per orifice 


.<rz 


.66 


.47 


.34 


.21 


.13 


.11 


.04 


.034 


.014 


chimney length, cn 


68 


68 


23 


23 


8 












sir sap, cm 


2 


2 


12 


8 


5 


1 


1 


1 


1 


1 


quench both tenp. , *C 


80 


75 


75 


75 


65 


50 


40 


30 


30 


30 


driven roller, depth 


1 


1 


37 


37 


5 


23 


23 


10 


9 


6 


driven roller, rpm 


3 


3 


4 


4 


5 


4.5 


7 


7 


7 


7 



35 



40 



45 



50 



55 
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TABLE la CQUQlTIQilS OF HftlttlFACTtW 1 HG V ARIOUS SIZES, OF POlTPEOPTLEWg HPHPFJ 1*»™T fcoirttrWft 
i^Ods J_ ,3. JL — — 

Suture Size 2 10 2/0 3/0 4/0 5/0 6/0 7/0 3/0 





PPc^e Conditions 






Stretcbino (Orienting operation 








draw bath tenp, *C 


98 


98 


97 97 86 










first heating cheufcer tenp, -C 






130 


130 140 


140 


140 




first godot, «pm 


5.5 


5.5 


6.3 6.3 7.3 7.3 


10.3 9.9 


10.0 


10.0 


to 


second oodct. 


36.2 


37,5 


42.0 42.0 48.7 47.4 


67.3 60.3 


60.0 


60.0 




draw ratio 


6.6 


6.8 


6.6 6.6 6.7 6.5 


6.5 6.1 


6 


6 










S«eend fOotional) Meat Treatir* Ooeration 






15 


eecond heating chancer t«p, *C 
third flodet 

shrinkage as X recovery of 
stretched length 






Eojyi t i brat ion 


90 

63.5 

95 

Operstfan 


90 

63.4 

95 


90 

63.4 
95 



holding period for 
equilibration, days 



20 



25 



annealing t«np., "C 

duration of annealing, min. 

shrinkage as X recovery of 
stretched length 



Annealing Ooeration 



150 


150 


150 


150 


150 


150 


150 150 


150 


150 


10 


10 


10 


10 


10 


10 


10 10 


10 


10 


85 


&5 


35 


90 


90 


90 


90 







The physical properties of polypropylene monofilament sutures produced in accordance with the conditions 
of Table I were measured at 23°F and 50 percent relative humidity. Measurements of knot pull, percent elon- 
gation, tensile strength and strain energy were carried out employing an Instron Corporation (Canton, MA) Ten- 
30 sile Tester, model no. 4301, equipped with yarn grips and operated with a gauge length of 127 mm and a cross- 
head speed of 127 mm/min. 

The average physical properties of the sutures and the procedures employed for their measurement are 
set forth in Table II as follows: 



40 



45 



50 



55 
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TABLE II: PROCEDURES FOR MEASURING PHYSICAL PROPERTIES OF POLYPROPYLENE 



MONOFILAMENT SUTURES 



Physical Property 


Test Procedure 


knot pull tensile strength,kg 


U.S.P. XXI, tensile strength, sutures (881) 


straight pull, kg 


ASTM D-2256, Instron Corporation 


elongation at break, % 


ASTM D-2256 


tensile strength, kg-mm 2 


ASTM D-2256, Instron Corporation Series IX Automated 
Materials Testing System 1.03A 


0-5% and 0-10% strain energies, kg-mm 


ASTM D-2256, Instron Corporation Series IX Automated 
Materials Testing System 1.03A 


knot security 


A 2 cm loop is tied with a surgeon's square knot 
(1=1=1=1) securing the throws at 20% of the USP XXII 

knot Strenoth fn=10 loon*? npr nrntirA ThA Innn Iq nlsa/^orl 

next to a cloth-wrapped mandrel rotating at .5 rpm. The 
fixtures are secured to allow contact of the cloth material 
against the fourth throw or, top throw, of each knot. The 
doth wrapping is moistened with 37°C water prior to the 
test and is periodically remoistened during the test. After 
each pass of the cloth across the knot (for a total of 100 
passes), the knot is inspected for top throw security. For 
a knot to be considered secure, the 3mm ears must not 
come undone and there must be no relaxation of the 
knot or loss of the fourth throw. 



Table III below sets forth the average physical properties of the polypropylene monofilament sutures: 



TABLE ill, fHTStCAL PttffTRTlFS OF pqlwbw) gg MOMOMl«Mf -MJ 





_ 1 






__4 






_ 7 




9 


IB 


Suture Sfz* 
Physical Property 


2 


1 


0 


2/0 


3/0 


4/0 


5/0 


6/0 


7/0 


6/0 


knot pull, kg 


8.07 


6.02 


3.99 


2.70 


1.43 


1.06 


0.62 


0.33 


0.15 


•066 


straight pull, kg 


9.70 


6.59 


4.50 


3.28 


1.76 


1.46 


0.90 


0.47 


0,20 


.128 


etongetfon 






















•t breek, % 


44.15 


35.5S 


44.27 


43.12 


40.19 


37.64 


36.20 


26.01 


31.79 


25.55 


tensile strength, kg/am 2 


36.35 


34.51 


37.75 


33.15 


39.65 


48.75 


54.35 


59.05 


89.70 


70.73 


0-5% energy, kg -ram 


5.32 


4.51 




1.69 


1.10 


1.03 


0.62 


0.40 


0.13 


.126 


0-1 OX energy, kg -turn 


23.56 


16.96 


10.66 


7.00 


4.46 


4.16 


2.49 


1.58 


0.52 


.463 


knot security* 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 



%urt*r of knot failures out of 10 samples tested to 100 eycl 



COMPARATIVE EXAMPLES 1-3 

These examples compare the average strain energy values of sizes 0, 4/0 and 7/0 of a commercially avail- 
able polypropylene monofilament suture (Ethicon Inc., Somerville, N.J.) with those of the equivalent sizes of 
suture herein (Examples 3, 6 and 9) employing the procedure described in Table II. The average strain energy 
values for the sutures are set forth in Table IV below: 
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TABLE IV: STRAIN ENERGY VALUES OF POLYPROPYLENE MONOFILAMENT SUTURES 





Suture Size 


Average 0-5% Strain Energy, 
kg- mm 


Average 0-10% Strain 
Energy, kg-mm 


Comparative Example 1 


0 


6.29 


24.31 


Comparative Example 2 


4/0 


2.22 


8.72 


Comparative Example 3 


7/0 


0.28 


1.12 


Example 3 


0 


2.46 


10.86 


Example 6 


4/0 


1.03 


4.18 


Example 9 


7/0 


0.13 


0.52 



10 



15 



20 



As these data clearly demonstrate, the sutures of this invention (Example 3, 6 and 9) consistently exhibit 
significantly reduced levels of strain energy for a variety of suture sizes. Reduced strain energy is a highly de- 
sirable characteristic in a surgical suture since the lower the strain energy for a given size suture, the lesser 
the effort required by the surgeon or assistant personnel to straighten the suture prior to use. Even after pro- 
longed periods of storage, the polypropylene monofilament suture of this invention tends to resist acquiring a 
set making it all the easier to use the suture directly out of the package with little if any preparative manipulation. 



COMPARATIVE EXAMPLE 4 



25 



30 



35 



This example compares the knot security of a size 0 commercially available polypropylene monofilament 
suture (Ethicon Inc., Somervflle, N.J.) with that of the equivalent size of suture herein (Example 3) employing 
the procedure described in Table II. The results of the knot security comparison are set forth in Table V below: 

TABLE V: KNOT SECURITY CHARACTERISTICS OF 
POLYPROPYLENE MONOFILAMENT SUTURES 





Suture Size 


Knot Security 


Comparative Example 4 


0 


1/10 


Example 3 


0 


0/10 



40 



While none of the knots (out of a total of 10 knots tested to 100 cycles) failed in the case of the suture of 
this invention (Example 3), 1 out of 1 0 knots formed with the suture of Comparative Example 4 failed after ap- 
proximately 10 cycles. 

COMPARATIVE EXAMPLE 5 



45 



This example compares the 0-5% and 0-10% strain energies of a size 4/0 polypropylene monofilament 
suture which has been provided by a process identical to that of Example 6 but with a holding period of only 2 
hours (Comparative Example 5) which can be essentially regarded as an omission of the equilibration step with 
the energies of the size 4/0 suture of Example 6 whose manufacture involved a holding period of 4 days to 
achieve equilibration. The test data are presented in Table VI as follows: 



50 



55 
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TABLE VI: EFFECT OF HOLDING PERIOD ON PROPERTIES OF POLYPROPYLENE MONOFILAMENT 

SUTURES 





Holding Period 


Pprinrl Fnllnwinn 

Annealing When 
Tested 


Average 0-5% Strain 

pnp rn v kn-mm 


Average 0-10% Strain 

r~ nd*/*iw l^St mm 

energy, Kg-mm 


Comparative 

Fxamnlp Ft 


2hrs 


3 hrs 


.82 


3.3 


Comparative 
Example 5 


2hrs 


4 days 


.85 


3.4 


Comparative 
Example 5 


2hrs 


3 mos 


.91 


3.8 


Example 6 


4 days 


2 hrs 


.75 


2.9 


Example 6 


4 days 


4 days 


.89 


3.4 


Example 6 


4 days 


3 mos 


.83 


3.4 



As these data show, both the 0-5% and 0-10% energies of the suture of Comparative Example 5 which 
had been accorded very little holding time prior to its annealing continuously increased over the entire testing 
period much in contrast to the suture of Example 6 which, although experiencing an increase in its 0-5% and 
0-10% strain energies over a 4 day period, either underwent a significant reduction from the increased level 
or stabilized at such level. And, consistent with strain energy values data presented in Table IV, supra , the suture 
of Example 6 tested after 3 months exhibited lower energies than the suture of Comparative Example 5 tested 
after 3 months. 



Claims 

1. A polypropylene monofilament suture manufacturing process in which an isotactic polypropylene is melt 
extruded to provide a monofilament and the solidified monofilament is subjected to stretching and anneal- 
ing to provide the suture, characterised by the steps of equilibrating the stretched monofilament prior to 
annealing and thereafter annealing the stretched, equilibrated monofilament. 

2. A process according to claim 1 wherein equilibration of the stretched monofilament is achieved by storage 
of the monofilament for a period of at least about 2 days. 

3. A process according to claim 1 or 2 wherein the polypropylene possesses a weight average molecular 
weight of from about 294,000 to about 316,000 and a number average molecular weight of from about 
78,000 to about 82, 1 00. 

4. A process according to claim 1, 2 or 3, wherein the polypropylene possesses a melt flow index in g/10 
min of from about 2 to about 6. 

5. A process according to any one of the preceding claims, wherein the polypropylene is melt extruded at a 
temperature of from about 190 to about 230°C to provide a monofilament and the solidified monofilament 
is stretched at a temperature of from about 80 to about 180°C for from about 6 to about 7 times its initial 
length. 

6. A process according to claim 5 wherein, for suture sizes of 4/0 and smaller, the solidified monofilament 
is stretched while being heated in an oven chamber maintained at a temperature of from about 90 to about 
180°C. 

7. A process according to claim 5 wherein, for suture sizes of 3/0 and larger, the solidified monofilament is 
stretched while being heated in water maintained at a temperature of from about 80 to about 98°C. 

8. A process according to claim 5 wherein, for suture sizes of 6/0 and smaller, the stretched monofilament 
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is subjected to a second heat treating operation to effect the on-line shrinkage of the monofilament being 
equilibrated. 

9. A process according to claim 8, wherein the second heat treating operation is carried out at a temperature 
of from about 80 to about 130°C. 
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10. A process according to claim 8 or 9 wherein the second heat treating operation results in on-line shrinkage 
of the monofilament for a recovery of from about 97 to about 93 percent of its stretched length. 

11. A process according to any one of the preceding claims wherein, for a suture of size 5/0 and greater, an- 
nealing results in shrinkage of the suture for from about 95 to about 75 percent of its stretched length. 

12. A process according to any one of claims 1 to 10 wherein, for a suture of size 2 to 0, annealing results in 
shrinkage of the suture for a recovery of from about 87 to about 83% of its stretched length. 

13. A process according to any one of claims 1 to 10 wherein, for a suture of size 2/0 to 5/0, annealing results 
in shrinkage of the suture for a recovery of from about 92 to about 88% of its stretched length. 

14. A process according to any one of claims 1 to 10 wherein annealing results in essentially no further shrink- 
age of the monofilament. 

15. A polypropylene monofilament suture made by a process which includes the improvement of claim 1 and 
exhibiting average maximum 0-5% and 0-10% strain energies which are significantly less than the average 
0-5% and 0-10% energies of a polypropylene monofilament suture which results from a process which is 
unimproved in that it is the same except that the step of equilibrating the stretched monofilament is omitted 
therefrom. 

16. A suture as claimed in claim 15 wherein the average 0-5% and 0-10% strain energies of polypropylene 
monofilament sutures resulting from the improved process are as follows: 



Suture Size 


Average 0,5% Strain Energy kg-mm 


Average 0-10% Strain Energy kg-mm 


2 


12.0 


50 


1 


10.5 


42 


0 


7.5 


30 


2/0 


6.0 


23 


3/0 


3.5 


13 


4/0 


2.5 


11 


5/0 


1.5 


5.5 



35 



40 



17. A polypropylene monofilament suture exhibiting average maximum 0-5% and 0-10% strain energies which 
are substantially less than the average 0-5% and 0-10% strain energies of a standard polypropylene mono- 
filament suture with strain energies as follows: 
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Suture Size 


Average 0.5% Strain Energy kg-mm 


Average 0-10% Strain Energy kg-mm 


2 


12.0 


50 


1 


10.5 


42 


0 


7.5 


30 


2/0 


6.0 


23 


3/0 


3.5 


13 


4/0 


2.5 


11 


5/0 


1.5 


5.5 



18. Asuture as claimed in claim 1 5, 1 6 or 1 7, having average maximum 0-5% and 0-10% strain energies which, 
for a given size of .suture, are at least about 20% less than the average 0-5% and 0-10% strain energies 
of a standard polypropylene monofilament suture of equivalent size, or one resulting from the unimproved 
process. 
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